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7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH6FLHQWLILF&RPPLWWHHRIWKH³WK,QWHUQDWLRQDO&RQIHUHQFHRQ'LJLWDO(QWHUSULVH7HFKQRORJ\'(7

.H\ZRUGV'HVLJQ,QWHQW6LPXODWLRQ,QWHQW)OXLG)XQFWLRQDO)HDWXUH)OXLG3K\VLFV)HDWXUH'\QDPLF3K\VLFV)HDWXUH&$'&)',QWHJUDWLRQ
,QWURGXFWLRQ
,QRUGHUWRIDFLOLWDWH6%'6LPXODWLRQ%DVHG'HVLJQ&$'
DQG&$(DUHH[SHFWHGWREHLQWHJUDWHGVHDPOHVVO\+RZHYHU
GHVLJQ DQG VLPXODWLRQ DUH XVXDOO\ FRQGXFWHG E\ GLIIHUHQW
HQJLQHHUVEHFDXVHRIWKHLURZQH[SHUWLVH>@&XUUHQWV\VWHPV
VXIIHU IURP LQFRQVLVWHQF\ RI HQJLQHHULQJ LQWHQW LQWHQVLYH
KXPDQLQWHUYHQWLRQDQGUHGXFHGDFFXUDF\&$(VROYHUVHWXS
HVSHFLDOO\IRU&)'&RPSXWDWLRQDO)OXLG'\QDPLFVUHTXLUHV
ULFKH[SHULHQFHDQGVWURQJEDFNJURXQGNQRZOHGJH&)'VHWXS
LQYROYHVIORZUHJLPHMXGJHPHQWDQGSK\VLFDOPRGHOVHOHFWLRQ
,Q RUGHU WR LPSURYH WKH&$'&)' LQWHJUDWLRQ WKLV SDSHU
SURSRVHVD IUDPHZRUN WRDXWRPDWH WKH&)'VROYHUVHWXSDQG
DGDSWLYHFRQWURO7KUHHQRYHOIHDWXUHFRQFHSWVDUHKLJKOLJKWHG
LQWKLVSDSHUZKHUHIOXLGSK\VLFVIHDWXUHDQGG\QDPLFSK\VLFV
IHDWXUH DUH XVHG WR FRQYH\ VLPXODWLRQ LQWHQW ZKLOH IOXLG
IXQFWLRQDO IHDWXUH LV XVHG IRU GHILQLQJ GHVLJQ LQWHQW DQG
SURSHOOLQJ WKH IRUPDWLRQ RI LQWHUIHDWXUH DVVRFLDWLRQV 7KLV
ZRUNLVDFRQWLQXHGHIIRUWRI&$(ERXQGDU\IHDWXUHDQGHIIHFW
IHDWXUH >@FRQFHSWV7KLVSDSHUDOVRSUHVHQWV WKHPHFKDQLVP
RIKRZGHVLJQDQGVLPXODWLRQLQWHQWVVKRXOGLQWHUDFW
,QWHJUDWLQJ$,$UWLILFLDO ,QWHOOLJHQFHDSSURDFKZLWK&)'
KDVEHHQUHSRUWHGLQ>@>@ZLWKDQH[SHUWFRROLQJIDQGHVLJQ
V\VWHPDQGDK\EULGV\VWHPIRUFRQGXFWLQJORFDOFRPSUHVVLEOH
IORZ DQDO\VLV UHVSHFWLYHO\ 2QH XVHIXO GLUHFWLRQ RI H[SHUW
V\VWHP DSSOLFDWLRQ LQ &)' HQYLURQPHQW ZDV WR GLDJQRVH
SUREOHPVDLGGHFLVLRQPDNLQJDQGSURYLGHEHVWSUDFWLFHV)RU
H[DPSOH:HVOH\HWDO>@LQWHJUDWHG$,DQG&)'WRPRQLWRU
WKHXVHULQSXWDQGLQVSHFWXQGHVLUDEOHVLWXDWLRQV6WUHPHOHWDO
>@LPSOHPHQWHG%3;DEHVWSUDFWLFHH[SHUWV\VWHPWRJXLGH
WKH&)'SURMHFWV7KRXJKKHOSIXOWRQRYLFHXVHUVWKH\VHUYHG
DV MXVW &)' DX[LOLDU\ WRROV 6R IDU DXWRPDWHG &)' VROYHU
VHOHFWLRQDQGVHWXSIXQFWLRQKDVQRWEHHQDFKLHYHG
+LVWRULFDOO\&)'H[SHUWV\VWHPVKDGEHHQXVHGZKHQ&)'
VROYHUVZHUHVWLOOLQWKHRSHQFRGHIRUPDQGWKHLULQWHJUDWLRQ
UHTXLUHV³PHUJHFRGLQJ´ZLWKVSHFLDONQRZOHGJHDQGWUDLQLQJ
1RZDGD\V PRUH DQG PRUH &)' FRPPHUFLDO SDFNDJHV KDYH
RIIHUHG XVHUIULHQGO\ LQWHUIDFHV WR LPSURYH WKH XVDELOLW\
+RZHYHUWKHNQRZOHGJHHPEHGGHGLQWKH&)'VROYHUVLVVWLOO
XQIDPLOLDU WR PDQ\ XVHUV RWKHU WKDQ H[SHUWV 0RUHRYHU WKH
EHQHILWV RI LQWURGXFLQJ DXWRPDWHG F\FOHV RI &$'&)'
LQWHJUDWLRQKDYHQRWEHHQ IXOO\H[SORUHG ,Q IDFW WKHUHOLDQFH
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RQH[SHUWVDOVRPDNHVLWGLIILFXOWWRFRQVLVWHQWO\VXSSRUWF\FOLF
LQWHUDFWLRQV IURPGLIIHUHQW HQJLQHHULQJ RSWLPL]DWLRQ GRPDLQV
DQG WKHLU LQYRNHG DQDO\VLV VLPXODWRUV >@ ,Q RXU IUDPHZRUN
DQ DXWRPDWHG &)' VROYHU SDFNDJH VKRXOG LQKHULW WKH GHVLJQ
LQIRUPDWLRQ IURP WKH GHVLJQ VWDJH DQG WUDQVIRUP LW LQWR WKH
RSWLPDOVLPXODWLRQPRGHOZLWKPRUHGHWDLOHGLQSXWVDQGWKHQ
LQ WXUQ JHQHUDWH FUHGLEOH UHVXOWV 7KXV WKH PRGXODU
LQWHJUDWLRQRI&$'&)'ZLWK D FRKHUHQW GDWD IORZ VWUXFWXUH
ZLOOEHXVHIXOWRLPSURYHUREXVWQHVVDQGHIILFLHQF\
1RPHQFODWXUH
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G\QDPLFYLVFRVLW\RIJDV
ȡGHQVLW\RIJDV
5JDVFRQVWDQW
7WHPSHUDWXUHRIJDV
NVSHFLILFKHDWUDWLRRIJDV
$FURVVVHFWLRQDODUHDRIGXFW
SSUHVVXUHRIJDV
DVSHHGRIVRXQGRIJDV
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5H5H\QROGVQXPEHU
0D0DFKQXPEHU
&$'&)'LQWHJUDWLRQIUDPHZRUN
&RQYHQWLRQDOO\GHVLJQLQWHQWPDLQO\IRFXVHVRQJHRPHWULF
PRGHOOLQJDVSHFWV>@0XQHWDO>@GHILQHGGHVLJQLQWHQWDV
WKHIXQFWLRQDOUHTXLUHPHQWSURYLGHGE\FXVWRPHUVZKLFKDUHD
VHW RI JHRPHWULF DQG IXQFWLRQDO UXOHV VDWLVILHG E\ WKH ILQDO
SURGXFW)URPWKLVGHILQLWLRQLWLVREYLRXVWKDWWKHIRUPDWLRQ
RI GHVLJQ LQWHQW VWDUWV IURP WKH FXVWRPHU¶V UHTXLUHPHQW IRU
IXQFWLRQV )LJ  SUHVHQWV WKLV ZKROH SURGXFW GHYHORSPHQW
SURFHVV 1RWH WKDW LWHUDWLRQV DUH QHFHVVDU\ EHIRUH WKH ILQDO
GHVLJQ LV DFKLHYHG 'HVLJQHUV IXOILOO WKH IXQFWLRQDO
UHTXLUHPHQWEDVHGRQHQJLQHHULQJNQRZOHGJHDQGGHYHORSWKH
LQLWLDO FRQFHSWXDO GHVLJQ ZLWK &$' PRGHO ,Q WKH
WUDQVIRUPDWLRQSURFHVVQRWRQO\WKH&$'JHRPHWULFPRGHOLV
WUDQVIRUPHG LQWR WKH &)' PHVK PRGHO EXW DOVR WKH
VLPXODWLRQ FRQGLWLRQV DV ZHOO DV WKH VHWXS SDUDPHWHUV DUH
WUDQVPLWWHGLQWRD&)'PHWDPRGHO

)LJ3URGXFWGHYHORSPHQWURXWLQH
1RODQ HW DO >@ GHILQHG VLPXODWLRQ LQWHQW DV D FROOHFWLRQ
RIDOO WKHDQDO\VLVPRGHOOLQJDQG LGHDOL]DWLRQGHFLVLRQV DQG
DOO WKH SDUDPHWHUV UHTXLUHG WR FUHDWH DQ DGHTXDWH DQDO\VLV
PRGHOIURPDQLQSXW&$'JHRPHWU\,QWKHVLPLODUYLHZWKH
DXWKRUVVXJJHVWWKDWWKHJHQHUDWLRQRIVLPXODWLRQLQWHQWVKRXOG
RFFXU LQ WKH WUDQVLWLRQ SURFHVV ZKHUH WKH DVVRFLDWLRQ ZLWK
GHVLJQ LQWHQW VKRXOG EH DYDLODEOH &RPPRQO\ VLPXODWLRQ
UHVXOW LV XVHG WR FKHFN WKH LQLWLDO GHVLJQ DVVXPSWLRQ YDOLGLW\
DQG JXLGH GHVLJQ RSWLPL]DWLRQ 6XEVHTXHQWO\ WKH GHVLJQ LV
IXUWKHU PRGLILHG WR PHHW WKH PDQXIDFWXUDELOLW\ DQG FRVW
FRQVWUDLQW (YHQWXDOO\ DQ DFFHSWDEOH GHVLJQ LV UHWXUQHG IRU
FXVWRPHUHQGRUVHPHQW
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)LJ&$'&$(LQWHJUDWLRQIUDPHZRUN5HILQHGEDVHGRQ>@
,QRUGHUWRNHHSWKHFRQVLVWHQF\RIGHVLJQLQWHQWLQGLIIHUHQW
SURGXFW GHYHORSPHQW VWDJHV DQG WR IDFLOLWDWH WKH
FRUUHVSRQGHQFH RI WKH GHVLJQ DQG VLPXODWLRQ PRGHOV D
&$'&)' LQWHJUDWLRQ IUDPHZRUN LV SURSRVHG DV VKRZQ LQ
)LJ7KHSURGXFWGHVLJQFDQEHSDUDPHWHUL]HGDFFRUGLQJWR
HQJLQHHULQJNQRZOHGJH%DVHGRQWKHIXQFWLRQDOUHTXLUHPHQWV
IOXLG IXQFWLRQDO IHDWXUH LV GHILQHG DV D FODVV RI GHVLJQ LQWHQW
DWWULEXWHV ZKLFK DUH FRPSRVHG RI GHVLJQ SDUDPHWHUV DQG
IXQFWLRQDOGHVFULSWLRQVDVZHOODVIXQFWLRQDOJHRPHWU\ZKLFK
LV FRQWUROOHG E\ WKRVH DWWULEXWHV 7KH IXQFWLRQDO IOXLG
JHRPHWU\ FDQ EH LWHPL]HG DV LQOHW RXWOHW DQG LQQHU IDFHV
HQFORVLQJ IOXLG VSDFH DQG V\PPHWU\SODQH LI WKHUH LV DQ\ ,Q
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WKLV ZD\ WKH GHVLJQ LQWHQW FDQ EH IXOO\ FRQYH\HG WR WKH
GRZQVWUHDPDQDO\VLV VWDJHZLWK WKH IOXLG IXQFWLRQDO IHDWXUHV
7KH&$'PRGHORIIORZVSDFHVFDQEHH[WUDFWHGE\%RROHDQ
RSHUDWLRQV7KHIDFH,'VRIIORZVSDFHJHRPHWU\DUHDVVLJQHG
VSHFLILF WDJV ZLWK DWWULEXWLRQV DQG ERXQGDU\ FRQGLWLRQV
DWWDFKHGZKLFKZLOOEHUHFRJQL]HGE\&$(ERXQGDU\IHDWXUH
>@ 8QGHU WKH FRQWURO RI &$( ERXQGDU\ IHDWXUHV WKH IOXLG
IORZ VSDFH FDQ EH PHVKHG ZLWK GHVLJQDWHG PHVK W\SH
DFFRUGLQJ WR GLIIHUHQW ERXQGDU\ SURSHUWLHV )RU H[DPSOH
LQIODWLRQ OD\HU LV DSSOLHG DORQJZDOO ERXQGDU\ WR FDSWXUH WKH
ERXQGDU\ OD\HU DFFXUDWHO\ 0HDQZKLOH WKH ERXQGDU\
FRQGLWLRQV DUH DVVLJQHG DFFRUGLQJO\ 7KH IOXLG IORZ VSDFH
LQFOXGLQJ GLVFUHWH JHRPHWU\ ERXQGDU\ FRQGLWLRQV DQG QRQ
JHRPHWULFDO IOXLG DWWULEXWHV ZKLFK DUH LQKHULWHG IURP WKH
GHVLJQLQWHQWLVWUHDWHGDVWKHLQSXWRIVROYLQJVWDJH
$WWKHXSSHUULJKWFRUQHURI)LJIOXLGSK\VLFVIHDWXUHLV
GHILQHG DV REMHFW FODVV ZLWK D FKDUDFWHULVWLF VHW RI IOXLG
VLPXODWLRQ VHWXS SDUDPHWHUV WKDW HQWDLOV D JHQHULF GDWD
VWUXFWXUH DQG WKH UHODWHG PHWKRGV 7KHQ WKLV IOXLG SK\VLFV
IHDWXUHPRGXOHDOVRPRGHOVDVHWRIUXOHVWRVHOHFWDSSURSULDWH
&)' VROYHU UHJLPH DSSOLFDEOH WR HDFK URXQG RI VLPXODWLRQ
7KLV PRGXOH LV DOVR GHVLJQHG WR LPSOHPHQW NQRZOHGJH DQG
EHVW SUDFWLFHV ZKLFK HQDEOH WKH FRQYHUVLRQ RI LQSXW GDWD
DXWRPDWHG &)' VROYHU VHWXS DQG UREXVW &)' PRGHO
JHQHUDWLRQ 7KHUHIRUH WKH VLPXODWLRQ LQWHQW LV HPEHGGHG LQ
WKHIOXLGSK\VLFVIHDWXUHLQVWDQFHV7KHGHWDLOHGGHVFULSWLRQRI
IOXLG SK\VLFV IHDWXUH ZLOO EH LOOXVWUDWHG LQ QH[W VHFWLRQ 3RVW
SURFHVVLQJ FRXOG EH FRQGXFWHG EDVHG RQ DQ\ FRQYHUJHG UXQ
7KH&)'PRGHO LQFOXGLQJPHVKDQGVROYHUVHWXSSDUDPHWHUV
FRXOGEHXSGDWHG LWHUDWLYHO\ OHDGLQJ WRD UREXVWPRGHOVHWXS
7KLV LV D XQLTXH UHTXLUHPHQW RI &)' DQDO\VLV ZKLFK
GLVWLQJXLVKHV LW IURP OLQHDU HQJLQHHULQJ SUREOHPV VXFK DV
VWUHVVDQDO\VLV
$IWHU DFKLHYLQJ WKH UHVXOW IURP WKH VLPXODWLRQ RI UREXVW
&)'PRGHOWKHLQLWLDOGHVLJQFDQEHPRGLILHGKHXULVWLFDOO\WR
DSSURDFK GHVLJQ REMHFWLYHV 7KHQ EDVHG RQ WKH QHZ GHVLJQ
WKHXSGDWHG&)'DQDO\VLVZLOOEHREWDLQHGDFFRUGLQJO\XQGHU
WKH DIRUHPHQWLRQHG VFKHPH 7KH &$( HIIHFW IHDWXUHV DUH
H[WUDFWHG IURP WKH GLIIHUHQFH EHWZHHQ WKH LQFUHPHQWDO
DQDO\VLV UHVXOWV >@ )ROORZLQJ WKDW VHQVLWLYLW\ UHVXOW RU
VXUURJDWH PRGHO FRXOG EH REWDLQHG WR SURYLGH RSWLPL]DWLRQ
LQSXW &RXSOLQJ ZLWK RSWLPL]DWLRQ REMHFWLYHV GHULYHG IURP
GHVLJQLQWHQWRSHUDWLRQDOSHUIRUPDQFHPDQXIDFWXUDELOLW\DQG
FRVW DQDO\VLV WKH RSWLPL]DWLRQ SURFHVV WDNHV GLIIHUHQW
FRQVWUDLQWV LQWR FRQVLGHUDWLRQ +HUH D XQLILHG QRQ
GLPHQVLRQDO UDWLRPRGHO LVSURSRVHG WRFDOFXODWH WKHZHLJKWV
RIGLIIHUHQWGHVLJQFULWHULDDQG WRHQDEOH WKHPHDVXUHPHQWRI
SHUIRUPDQFH LQFUHPHQWVEHWZHHQGLIIHUHQWGHVLJQV)LQDOO\D
FORVHG&$'&)' ORRS IRUPVZKLFK OLQNV WKH&$'GRPDLQ
DQG&)'GRPDLQFRQVLVWHQWO\(YLGHQWO\ WKHGHVLJQLQWHQW LV
DGKHUHG WKURXJKRXW WKH ZKROH SURFHVV ZKLFK LV GHQRWHG E\
EOXH OLQHV $W WKH VDPH WLPH GHVLJQ LQWHQW DQG VLPXODWLRQ
LQWHQW DUH DVVRFLDWHG WKURXJK WKH FRQWURO RI IOXLG IXQFWLRQDO
IHDWXUH&$(ERXQGDU\IHDWXUHDQGIOXLGSK\VLFVIHDWXUH
,PSOHPHQWDWLRQRIWKHSURSRVHGIHDWXUHFRQFHSWV
,QWKLVSDSHUWKHIOXLGSK\VLFVIHDWXUHLVHVWDEOLVKHGEDVHG
RQFRPSUHVVLEOHIORZVFHQDULRZKLFKLVDFRPSOLFDWHGFDVHLQ
&)'DSSOLFDWLRQ7KHSURFHVVRISK\VLFDOSDUDPHWHUDQDO\VLV
&)' VROYHU VHWXS FRQYHUJHQFH DQDO\VLV DQG UREXVW PRGHO
JHQHUDWLRQLVVKRZQLQ)LJ
7KHLQLWLDOYDOXHVDUHWKHIOXLGDWWULEXWHVZKLFKDUHFDUULHG
RYHU E\ GHVLJQ LQWHQW WR DFKLHYH VSHFLILF SURGXFW IXQFWLRQDO
SHUIRUPDQFH 7KH SK\VLFDO UHODWLRQVKLSV EHWZHHQ WKHVH
SDUDPHWHUV DUH DSSOLHG DV UXOHV ZKLFK KDYH WKH IRUP RI
HTXDWLRQVOLVWHGEHORZ

$ GS  S 57U 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Y
D 
&RQVHFXWLYHO\ WKH SDUDPHWHUV LQ VWHS   DQG  FDQ EH
DFTXLUHGWKURXJKIRUZDUGFKDLQLQJ>@,WVKRXOGEHQRWHGWKDW
WKH PHGLXP XVHG LQ WKLV FDVH LV LGHDO JDV ,I QRW WKH
NQRZOHGJH EDVH VKRXOG EH H[WHQGHG FRUUHVSRQGLQJO\
3DUDPHWHUV OLNHYHORFLW\DQGSUHVVXUHDUHXVXDOO\DVVLJQHG WR
WKH ERXQGDULHV DV ERXQGDU\ FRQGLWLRQV $V D FRQVHTXHQFH
WKH\ FDQ EH XVHG WR FKHFN WKH YDOLGLW\ RI IOXLG IORZ VSDFH
ZKLFK ZLOO EH WKH LQSXW RI WKH &)' VROYHU 7KH 5H\QROGV
QXPEHUDQG0DFKQXPEHUDUHGLPHQVLRQOHVVTXDQWLWLHVZKLFK
GHWHUPLQHWKHIORZUHJLPH%DVHGRQWKH5H\QROGVQXPEHUD
WXUEXOHQFHPRGHOZLOOEHVHOHFWHGLIWKHIORZLVWXUEXOHQW7KH
0DFKQXPEHUMXGJHVWKHFRPSUHVVLELOLW\RIWKHIORZ6SHFLDO
PRGHO DQG VHWXS DUH QHHGHG LI WKH FRPSUHVVLELOLW\ HIIHFWV
FDQQRWEHLJQRUHG:KHQWKHVLPXODWLRQLVLQWKHVWDUWXSVWDJH
RU IDFHG ZLWK FRQYHUJHQFH SUREOHPV ORZHU RUGHU
GLVFUHWL]DWLRQVFKHPHVOLNH8'6DQG(XOHULPSOLFLWDVZHOODV
NHSVLORQ WXUEXOHQFHPRGHO LIDSSOLFDEOHKDYH WKHSULRULW\ WR
EHVHOHFWHGLQRUGHUWRDVVLVWFRQYHUJHQFH
7KH LQGH[ L ZLOO EH XSGDWHG DIWHU HDFK VLPXODWLRQ UXQ
,QGH[&DQG'GHQRWLQJWKHVWDWXVRIFRQYHUJHQFHZLOODOVREH
XSGDWHG DFFRUGLQJO\ $OO WKH VLPXODWLRQ VROYHU VHWXS LV
UHFRUGHGQRPDWWHU LI WKHVLPXODWLRQLVFRQYHUJHGRUQRW,ID
VLPXODWLRQLVFRQYHUJHGSRVWSURFHVVLQJZLOOEHFRQGXFWHGWR
FKHFN ZKHWKHU VLPXODWLRQ UHVXOWV PDWFK WKH LQLWLDO
DVVXPSWLRQVDQGH[SHFWHGDFFXUDF\,IQRWJULGDGDSWLRQZLOO
EH WULJJHUHG EDVHG RQ WKH H[LVWLQJ VLPXODWLRQ UHVXOW WR
H[DPLQH ZKHUH ORFDO PHVK UHILQHPHQW LV UHTXLUHG
6LPXOWDQHRXVO\ WKH SHDN YDOXH RI 5H\QROGV QXPEHU DQG
0DFKQXPEHUZLOOEHFKHFNHGWRVHHZKHWKHUWKHIORZUHJLPH
QHHGV WR EH FKDQJHG ,I D VLPXODWLRQ GLYHUJHG WKH V\VWHP
ZRXOGWU\WRDOWHU WKHVROYHUVHWXSWRDFKLHYHFRQYHUJHQFH,W
LVKLJKOLJKWHGKHUHWKDWHDFKWLPHZKHQDQHZLWHUDWLRQVWDUWV
RQO\RQHFKDQJHLVPDGHLQWKHVROYHUFRQILJXUDWLRQWRREWDLQ
WKH VHQVLWLYLW\ WRZDUGV GLIIHUHQW VLPXODWLRQ VFKHPHV ,I WKH
VLPXODWLRQ VWLOO KDV FRQYHUJHQFH SUREOHP DIWHU VHYHUDO
VXFFHVVLYHUXQVKXPDQLQWHUYHQWLRQLVQHHGHGWRGLDJQRVHWKH
SUREOHPZKLFKUHTXHVWVPRUHH[SHUWNQRZOHGJH
$IWHUURXQGVRIVXFFHVVIXOVLPXODWLRQVWKHPHVKLVIXUWKHU
UHILQHGZKLFKLVIDYRUDEOHIRUWKHDSSOLFDWLRQRIKLJKHURUGHU
VFKHPHV DQG DGYDQFHG WXUEXOHQFH PRGHO LI WKH IORZ LV
WXUEXOHQW +LJKHU RUGHU VFKHPHV DOZD\V KDYH SULRULW\ ZKHQ
WKH LWHUDWLRQ LQGH[ LV KLJK7KXV WKH ILQDO VLPXODWLRQTXDOLW\
FDQ EH JXDUDQWHHG 7KH F\FOHV VWRS ZKHQ DOO WKH VLPXODWLRQ
UHTXLUHPHQWV DUH VDWLVILHG $V PHQWLRQHG HDUOLHU DOO WKH
VLPXODWLRQ VHWXS LV UHFRUGHG G\QDPLFDOO\ IRU HDFK LWHUDWLRQ
GXULQJ WKLV SURFHVV /L HW DO >@GHILQH WKH LQWHULP IHDWXUHV
EHWZHHQ YDULRXV PDQXIDFWXULQJ RSHUDWLRQV DV G\QDPLF
IHDWXUHV$SSO\LQJWKHVLPLODUG\QDPLFIHDWXUHFRQFHSWLQWKLV
ZRUNZLWK WKH VLWXDWLRQRI&)'PRGHOJHQHUDWLRQZHGHILQH
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G\QDPLFSK\VLFVIHDWXUHDVWKHLQWHUPHGLDWHVWDWHVRIWKHIOXLG
VLPXODWLRQPRGHO LQFOXGLQJ IORZSURSHUWLHV JULGGLVWULEXWLRQ
DQG GLVFUHWL]DWLRQ VFKHPH 7KH G\QDPLF SK\VLFV IHDWXUH LV
GHYHORSHG WR IDFLOLWDWH WKH JHQHUDWLRQ RI UREXVW VLPXODWLRQ
PRGHO ZKLFK LV GHILQHG DV WKH DSSOLFDEOH &)' UHJLPH DQG
VLPXODWLRQ VHWXS WHPSODWH ZLWK YDOLGDWHG SK\VLFV FRQGLWLRQV
DQG FRQYHUJHV LQWR UHDVRQDEOH DQG DFFXUDWH UHVXOWV
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)LJ&)'VLPXODWLRQUREXVWPRGHOJHQHUDWLRQF\FOHV
&DVHVWXG\
7KH FDVH VWXG\ XVHG DQ 2&' 2XWIORZ &RQWURO 'HYLFH
DSSOLHGLQ6$*'6WHDP$VVLVWHG*UDYLW\'UDLQDJHSURFHVV
WR VKRZ KRZ WKH V\VWHP IXQFWLRQV $V VKRZQ LQ )LJ  D
2&'V UHJXODWH WKH IORZ UDWH RI VWHDP IORZLQJ WR WKH
IRUPDWLRQ XQGHU D JLYHQ SUHVVXUH GURS 7KH VORWWHG OLQHU
FRYHULQJ WKH 2&' LV XVHG WR SURWHFW WKH GHYLFH DJDLQVW WKH
VDQGVXUURXQGLQJWKHZHOO:KHQVWHDPIORZVLQWRWKHGHYLFH
D SRUWLRQ RI LW IORZV WR WKH RXWHU VSDFH WKURXJK WKH QR]]OHV
UDGLDOO\ORFDWHGRQWKHGHYLFH7KHPDMRULW\RIVWHDPIORZVWR
WKH GRZQVWUHDP 'U\ VWHDP DW WKH WHPSHUDWXUH RI  . LV
DVVXPHGWREHSXPSHGLQWRWKHLQMHFWLRQZHOODWDIORZUDWHRI
PV )LJ  E VKRZV WKDW WKH LQQHU GLDPHWHUG RI WKH
FRQWUROSDUDPHWHU IRU WKH IXQFWLRQDO IOXLGJHRPHWU\ZKLFK LV
LWHPL]HGDVLQOHWRXWOHWVLQQHUIDFHVDQGV\PPHWU\SODQHV,Q
WKLVZD\ WKH IOXLG IXQFWLRQDO IHDWXUH LV IXOO\ GHILQHGZKLFK
FRQYH\V WKHGHVLJQ LQWHQW WR WKHQH[WVWDJH LQ WKH LQWHJUDWLRQ
ORRS%HFDXVHRI WKH V\PPHWULFDOJHRPHWU\ DTXDUWHURI WKH
&$'PRGHO LVH[WUDFWHG LQ)LJ D7DJVZLWKDWWULEXWLRQV
DUHDVVLJQHGWRWKHUHDODQGYLUWXDOIDFHVWRWUDQVPLWERXQGDU\
LQIRUPDWLRQ LQ&$'&)'FRQYHUVLRQ7KHIOXLGGRPDLQVHH
)LJ  E LV DEVWUDFWHG E\ %RROHDQ RSHUDWLRQ 7KH IDFHV
ZKLFK DUH DVVRFLDWHG ZLWK WKH SDUW JHRPHWU\ WDNH RYHU WKH
FRUUHVSRQGLQJ WDJV ZKLFK DUH XVHG WR JXLGH WKH PHVK
JHQHUDWLRQVKRZQLQ)LJF&RQVHTXHQWO\&$(ERXQGDU\
IHDWXUHV DUH HVWDEOLVKHG UHVXOWLQJ LQ WKH JHQHUDWLRQ RI IOXLG
IORZVSDFHZKLFKLVWKHLQSXWRIIOXLGSK\VLFVIHDWXUHPRGXOH


)LJD6$*'ZHOOFRPSOHWLRQ>@E2&'DQGVORWWHGOLQHU
7DEOH,QLWLDOYDOXHRISK\VLFDOSDUDPHWHUV
3K\VLFDOSDUDPHWHU 9DOXH 8QLW
4  PV
G  P
 u NJPV
ȡ  NJP
5  -NJ.
7  .
N  1$
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7DEOH9DOXHRISK\VLFDOSDUDPHWHUVLQVWHS
3K\VLFDOSDUDPHWHU 9DOXH 8QLW
$  P
S  N3D
D  PV

7KH LQLWLDO YDOXHVRI WKHSK\VLFDO SDUDPHWHUV DUHJLYHQ LQ
7DEOH7DEOH  VKRZV WKH SDUDPHWHUV FDOFXODWHG LQ VWHS 
7KHLQOHWYHORFLW\LVIRXQGWREHPVLQVWHS,QVWHS
WKH5H\QROGV QXPEHU LV FDOFXODWHG WR EH uZKLFK LV
PXFKELJJHU WKDQ WKH WXUEXOHQFH WUDQVLWLRQ5H\QROGVQXPEHU
LQDSLSH7KH0DFKQXPEHULVZKLFKLVPXFKOHVVWKDQ
6R WKH IORZ LV DVVXPHG WREHXQFRPSUHVVLEOH WXUEXOHQW
IORZ 8VLQJ $16<6 &); DV WKH VROYHU WKH VLPXODWLRQ
FRQYHUJHV DQG WKH0DFK QXPEHU FRQWRXUREWDLQHG IURP WKLV
LQLWLDO UXQ LV VKRZQ LQ )LJ  7KH IOXLG SK\VLFV PRGHOV
VHOHFWHGLQWKLVVLPXODWLRQLVVKRZQLQ7DEOH
7KRXJK WKH LQLWLDO UXQ LV FRQYHUJHG LW LV IRXQG WKDW WKH
PD[LPXP0DFKQXPEHU LVELJJHU WKDQZKLFKPHDQV WKH
FRPSUHVVLELOLW\HIIHFWVFDQQRWEHLJQRUHG%DVHGRQWKHUHVXOW
RIWKHVLPXODWLRQJULGDGDSWLRQLVFRQGXFWHGZKLFKLVVKRZQ
LQ )LJ  7RWDO HQHUJ\ PRGHO LV VHOHFWHG WR DFWLYDWH WKH
FRPSUHVVLEOH IORZ VLPXODWLRQ 7KH RWKHU VROYHU VHWXS
SDUDPHWHUVUHPDLQXQFKDQJHGLQWKHQH[WUXQ



)LJDH[WUDFWHGTXDUWHUSDUWJHRPHWU\EDEVWUDFWHGTXDUWHUIOXLG
GRPDLQFLQLWLDOPHVKJHQHUDWLRQ

)LJ0DFKQXPEHUFRQWRXURILQLWLDOUXQ
7DEOH)OXLGSK\VLFVPRGHOVRILQLWLDOUXQ
)OXLGSK\VLFVPRGHOL & '  6HOHFWLRQ
NHSVLORQ <
$GYDQFHGWXUEXOHQFHPRGHO 1
8'6 <
+LJKUHVROXWLRQ 1
6WHDG\VWDWH <
7UDQVLHQW 1
,QFRPSUHVVLEOHIORZPRGHO <
&RPSUHVVLEOHIORZPRGHO 1

$IWHUURXQGVRIWKLVSURFHVVWKHG\QDPLFSK\VLFVIHDWXUHLV
GHYHORSHG WR HQDEOH WKH DFTXLVLWLRQ RI VHQVLWLYLW\ WRZDUGV
GLIIHUHQWSK\VLFDOPRGHOV&RQVHTXHQWO\D UREXVW VLPXODWLRQ
PRGHOLVREWDLQHG7KHSK\VLFVPRGHOVVHOHFWHGIRUWKLVUREXVW
VLPXODWLRQPRGHO LV VKRZQ LQ7DEOH 7KH YHORFLW\ YHFWRUV
DQGVWUHDPOLQHVGHULYHGIURPWKLVILQDOUXQDUHVKRZQLQ)LJ
DQG)LJUHVSHFWLYHO\)LJLOOXVWUDWHVWKHPHFKDQLVPRI
KRZ VLPXODWLRQ LQWHQW LV DVVRFLDWHG ZLWK GHVLJQ LQWHQW
VHDPOHVVO\LQWKLV2&'FDVH


)LJ*ULGDGDSWLRQ
7DEOH)OXLGSK\VLFVPRGHOVRIILQDOUXQ
)OXLGSK\VLFVPRGHOL & '  6HOHFWLRQ
NHSVLORQ 1
$GYDQFHGWXUEXOHQFHPRGHO <
8'6 1
+LJKUHVROXWLRQ <
6WHDG\VWDWH <
7UDQVLHQW 1
,QFRPSUHVVLEOHIORZPRGHO 1
&RPSUHVVLEOHIORZPRGHO <

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
)LJ9HORFLW\YHFWRUVRIILQDOUXQ

)LJ6WUHDPOLQHVRIILQDOUXQ
&RQFOXVLRQ
7KLV SDSHU FRQWULEXWHV WR WKH VPRRWK &$'&)'
LQWHJUDWLRQ DQG D IUDPHZRUN KDV EHHQ SURSRVHG WR DGGUHVV
WKH VROYHU XVDELOLW\ SUREOHP IDFHG E\ PDQ\ &)' XVHUV LQ
SURGXFW GHYHORSPHQW SURFHVV )OXLG SK\VLFV IHDWXUH DQG
G\QDPLFSK\VLFVIHDWXUHZKLFKFRQYH\WKHVLPXODWLRQLQWHQW
KDYH EHHQ SURSRVHG WR DVVLVW LQSXWGDWD SURFHVVLQJ VROYHU
VHWXS FRQYHUJHQFH DQDO\VLV DQG UREXVW VLPXODWLRQ PRGHO
JHQHUDWLRQ ,Q WKLV ZD\ VHPLDXWRPDWLRQ FRXOG EH DFKLHYHG
DQG &$'&)' LQWHJUDWLRQ FRXOG EH ERRVWHG WR D KLJKHU
FRKHUHQFHDQGFRQVLVWHQF\OHYHO7KURXJKWKHFROODERUDWLRQRI
IOXLG IXQFWLRQDO IHDWXUHV &$( ERXQGDU\ IHDWXUHV IOXLG
SK\VLFVIHDWXUHVDQGG\QDPLFSK\VLFVIHDWXUHVGHVLJQLQWHQW
DQGVLPXODWLRQLQWHQWDUHDVVRFLDWHGVHDPOHVVO\OHDGLQJWRWKH
UHXVH RI GHVLJQ LQWHQW WKURXJKRXW WKH ZKROH LQWHJUDWHG
&$'&)'V\VWHP7KHHQJLQHHULQJHIIRUWLQYROYHGLQSURGXFW
GHYHORSPHQWDQGWKHUHOLDQFHRQ&)'H[SHUWVDUHH[SHFWHGWR
EH UHGXFHG 7R VKRZ WKH SRWHQWLDO EHQHILWV RI WKH SURSRVHG
IRUZDUG &$'&)' LQWHJUDWLRQ PHWKRG D FDVH VWXG\ RI
6$*'RXWIORZFRQWUROGHYLFHLVSUHVHQWHG7KHSURWRW\SHRI
WKH &$'&)' LQWHJUDWLRQ V\VWHP ZLOO EH GHYHORSHG LQ WKH
IXWXUH&XUUHQWO\ WKHDXWKRUVDOVRLQWHQGWRH[SORUHWRSRORJ\
DQG PDWHULDO RSWLPL]DWLRQ IRU VXFK IORZ FRQWURO GHYLFHV E\
LQFRUSRUDWLQJ SUHYLRXVO\ GHYHORSHG JUDGLHQWEDVHG >@ DQG
VXUURJDWHPRGHOEDVHG>@RSWLPL]DWLRQWHFKQLTXHVLQWR&)'
VROYHUV
$FNQRZOHGJHPHQWV
7KH DXWKRUV ZRXOG OLNH WR DFNQRZOHGJH WKH ILQDQFLDO
VXSSRUW IURP &KLQD 6FKRODUVKLS &RXQFLO 8QLYHUVLW\ RI
$OEHUWD 'RFWRUDO 5HFUXLWPHQW 6FKRODUVKLS 16(5&
'LVFRYHU\ *UDQW 5*/ &ROODERUDWLRQ )XQG DQG $OEHUWD
,QQRYDWHV*UDGXDWH6WXGHQW6FKRODUVKLS


)LJ'HVLJQDQGVLPXODWLRQLQWHQWDVVRFLDWLRQ
5HIHUHQFHV
>@ 6KHSKDUG06%HDOO0:2
EDUD50:HEVWHU%(7RZDUGVLPXODWLRQ
EDVHG GHVLJQ )LQLWH (OHPHQWV LQ $QDO\VLV DQG 'HVLJQ  

>@ /L  / 0D < &$'&$( DVVRFLDWLYH IHDWXUHV IRU F\FOLF IOXLG FRQWURO
HIIHFW PRGHOLQJ &RPSXWHU$LGHG 'HVLJQ DQG $SSOLFDWLRQV 

>@ $QGUHZV $( 3URJUHVV DQG FKDOOHQJHV LQ WKH DSSOLFDWLRQ RI DUWLILFLDO
LQWHOOLJHQFH WR FRPSXWDWLRQDO IOXLG G\QDPLFV $,$$ MRXUQDO 

>@ 'DQQHQKRIIHU-)%DURQ-5$K\EULGH[SHUWV\VWHPIRUFRPSOH[&)'
SUREOHPV3URFHHGLQJVRI$,$$WK&RPSXW)OXLG'\Q&RQI$,$$
3DSHU
>@ :HVOH\ /3 /HH -' 5RGPDQ /& &KLOGV 5( 7RZDUG DQ LQWHJUDWHG
&)'H[SHUWV\VWHPHQYLURQPHQW$,$$3DSHU
>@ 6WUHPHO 30 0HQGHQKDOO 05 +HJHGXV 0& %3;±$ %HVW 3UDFWLFHV
([SHUW6\VWHPIRU&)'WK$,$$$HURVSDFH6FLHQFHV0HHWLQJDQG
([KLELW
>@ *HOVH\ $ ,QWHOOLJHQW DXWRPDWHG TXDOLW\ FRQWURO IRU FRPSXWDWLRQDO
VLPXODWLRQ $UWLILFLDO ,QWHOOLJHQFH IRU (QJLQHHULQJ 'HVLJQ $QDO\VLV
DQG0DQXIDFWXULQJ
>@ 3ULFH 0$ 5RELQVRQ 77 6REDQ ' 0XUSK\ $ $UPVWURQJ &*
0F&RQQHOO 5 5R\ 5 0DLQWDLQLQJ GHVLJQ LQWHQW IRU DLUFUDIW
PDQXIDFWXUH &,53 $QQDOV0DQXIDFWXULQJ 7HFKQRORJ\  

>@ 0XQ'+DQ6.LP-2K<$VHWRIVWDQGDUGPRGHOLQJFRPPDQGVIRU
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